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(54) Ultravfolet curing coating composition for cans 

(57) An ultravfolet-curing coating composition, preferably for cans comprises: 

(A) from 1 to 99 parts by weight of a catlon-polymerizable compound. 

(B) from 1 to 99 part9 by weight of a compound having at least one oxetane ring In the molecule 

(C) from 0.01 to 20 parts by weight off a catlonic Inftiator which generates a cation when irradiated wfth 
ultraviolet rays per 100 parts by weight of (A) and <B>, end 

(D) from 0.01 to 10 parts by weight ol a lubridty-lrnparting agent per 100 parts by weight of (A) and <B). 
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ULTRAVIOLET -CURING COATING COMPOSITION FOR 
CANS 

The present invention relates to an ultravio- 
5 let-curing coating composition for cans, capable of 

forming a coating film which can be cured by irradiation 
with ultraviolet rays and which, when cured, is superior 
in processabi 1 i ty, adhesivity. hardness, mar resistance, 
etc. and particularly in appearance and retort resis- 

10 tance; and a process for producing a coated metal can by 
using the above composition. 

As ultraviolet-curing coating compositions, 
there are known, for example. (1) cat i on-po 1 ymeri zabl e 
coatings comprising a cat i on-po 1 ymeri zabl e compound 

15 having an epoxy group(s) or a vinyl group(s) and a 

cationic initiator which generates a cation when irradi- 
ated with ultraviolet rays, and (2) r adi cal -poly- 
merizable coatings comprising a radical-polymerizable 
compound having a r adi cal -pol yme ri zab 1 e unsaturated 

20 group(s) and a radical initiator which generates a 

radical when irradiated with ultraviolet rays. However, 
the radical-polymerizable coatings, although having a 
feature of a high curing rate, have problems in that 
they are insufficient in intimate adhesion to substrate 

25 and pro cessab i 1 i ty . are inferior in surface curing 

because the curing is inhibited by oxygen and. when used 
for thin (2-8 u) film formation, require an apparatus 
for nitrogen sealing or the like. Meanwhile, the cat- 
i on-pol ymeri zable coatings, although when compared with 

30 the radical-polymerizable coatings, having good 

adhesivity to substrate and good processabi 1 i ty arid 
requiring no apparatus for nitrogen sealing or the like, 
have problems in that they have a low curing rate and 
consequently are insufficient in film properties, par- 

35 ticularly film appearance and retort resistance of film. 
The cat ion-polymeri zable coatings further have a problem 



in that when they are coated directly on a metal materi- 
al or a resin -laminated metal plate (e.g. a PET-1 ami nat- 
ed steel plate) and irradiated with ultraviolet rays, 
the resulting coating film shows gradual reduction in 
5 adhesivity with the lapse of time. 

Hence, the present inventors made a study with 
an aim of developing an ultraviolet-curing coating 
composition capable of* forming a coating film which can 
be cured by irradiation with ultraviolet rays, even in a 
10 thin film state, without requiring any special facility 
for nitrogen sealing or the like and which, when cured, 
is superior in properties such as processab i 1 i ty . 
adhesivity. hardness, mar resistance and the like and 
particularly in appearance and retort resistance and 
15 shows no gradual reduction in adhesivity with the lapse 
of time. As a result, the present inventors found out 
that the above aim can be achieved by allowing a cation- 
polymer i zable coating to contain a given amount of a 
photo cationically pol yme ri zabl e compound having at 
20 least one oxetane ring in the molecule. The present 

invention has been completed based on the above finding. 

The present invention provides an ultraviolet- 
curing coating composition for cans, which comprises: 
(A) a cati on-pol ymeri zable compound, 
25 (B) a compound having at least one oxetane 

ring in the molecule, 

(C) a cationic initiator which generates a 
cation when irradiated with ultraviolet rays, and 

(D) a lubricity-imparting agent, 

30 wherein the proportions of the individual components 
a re : 

(A) 1-99 parts by weight. 

(B ) 1-99 parts by weight, 

(C) 0.01-20 parts by weight per 100 parts by 
35 weight of the total of (A) and (B) . and % -' 

(0) 0.01-10 parts by weight per 100 part% hy 
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weight of the total of (A) and (B) . 

The present invention further provides a 
process for producing a coated metal can, which compris- 
es coating the above ultraviolet-curing coating compos i - 
5 tion for cane on a metal plate, a resin film-laminated 
metal plate or a metal can obtained by molding of said 
plate and irradiating the resulting plate or can with 
ultraviolet rays to cure the coated composition. 

The composition of the present invention is a 
10 coating composition for cans which, when irradiated with 
ultraviolet rays, gives rise to cationic polymerization 
and subsequent curing. The present coating composition 
and the applications thereof are hereinafter described 

i n detai 1 . 

1 5 Cati on-pol yme ri zabl e compound (A) 

The cati on- pol yme ri zabl e compound [A) is a 
monomer which can give rise to ion polymerization i n the 
presence of a cation as a chain carrier (a growth seed), 
and includes vinyl compounds [having a carb on-to- carbon 

20 double bond(s)] which can give rise to vinyl cation 

polymerization in the presence of a carbon cation as a 
growth seed and heterocyclic compounds which can give 
rise to ring-opening cation polymerization in the pres- 
ence of an onium ion as a growth seed. The cation- 

25 pol ymer i zable compound (A), however, excludes the com- 
pound (B) having at least one oxetane group in the mole- 
cule. 

The cation-pol yme ri zabl e compound (A) usable 
in the present invention includes, for example, the 
30 following compounds (a) to (d) . 

(a) Compounds having an epoxy group(s) 
For example, di cy cl open tadi en e dioxide, 
limonene dioxide, 4-vinyl cycl ohexene dioxide. (3.4- 
epoxycyclohexyl )met hyl 3, 4-epox ycycl o hexane carboxyl ate. 
35 di (3.4-epoxycyclohexyl ) adipate. phenyl glycidyl ether, 
bisphenol A type epoxy resin, halogenated bisphenol A 



type epoxy rosin, bisphenol F type epoxy resin, o-*. m- 
or p-cresol novolac type epoxy resin, phenolic novolac 
type epoxy resin and polygl ycidyl ether of polyhydric 
alcohol • 

5 (b) Vinyl compounds 

For example, aromatic vinyl compounds such as 
etyrene . a-me thylst yrene , P-chl oromet hyl sty rene , 
vinyltoluene and the like; substituted or u nsubst i tuted 
alkyl or cycl oal kyl vinyl ethers such as n-butyl vinyl 
10 ether, isobutyl vinyl ether, cyclohexyl vinyl ether, 
hydroxybutyl vinyl ether and the like; alkenyl vinyl 
ethers such as allyl vinyl ether, ethenyl vinyl ether. 
1 -methy 1-2-pr openyl vinyl ether and the like; substitut- 
ed or unsubst i tuted aryl vinyl ether6 such as phenyl 
15 vinyl ether, p-methoxyphe nyl vinyl ether and the like; 
alkylene or cycloal kylene divinyl ethers such as 
butanediol divinyl ether, triethylene glycol divinyl 
ether , cycl ohexaned 1 ol divinyl ether and the like; 
substituted or unsu bsti tu ted aralkylene divinyl ethers 
20 such as 1 . 4-benzenedi me thanol divinyl ether. N.N-ro- 

chlorophenyld iethanolami ne divinyl ether, m-phenylene- 
bis(ethylene glycol) divinyl ether and the like; arylene 
divinyl ethers such as hydroqui none divinyl ether, 
resorcl nol divinyl ether and the like; and cation- 
25 polymer izable nitrogen-containing compounds such as N- 
v i nylca rbazol e . N-v i nyl py rrol i done and the like. 

(c) Bicycl o . ortho ester compounds 
For example, 1 -phenyl -4-ethyl -2 , 6 , 7 - 
t rioxabicyclo-t2,2.2)-octane and 1-ethyl-4- 
30 hydroxy methyl -2 . 6 , 7- 1 r i oxabi eye 1 o- [ 2 , 2 , 2] -o c tane. 

_ _.(_d-)_ . Spi ro ortho carbonate compounds 

For example. 1 , 5 . 7 . 1 1 - tetraoxaspi ro- [5 . 51 - 
undecane, 3 , 9-d i ben zyl -1 . 5 . 7 . 1 1 -tet ra oxaspi ro-[5. 51- 
undecane. 1 . 4 ,6-tri oxaspi ro-[4, 4]-nonane. 2-methyl- 
35 1 .4,6-t rioxaspi ro-[ 4,4]-nonane and 1 , 4 . 6- 1 r i oxasp i ro- 
[ 4 , 51 -decane. 
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Of the above compounds (a) to (d) , the com- 
pounds (a) having an epoxy group(s) in the molecule are 
preferred, and compounds having an alicyclic epoxy 
group(a) in the molecule are particularly preferred. 
5 Herein, "alicyclic epoxy group" referB to an 

epoxy group present in an alicyclic compound, formed by 
the linkage of two carbon atoms (ordinary adjacent two 
carbon atoms) of the alicyclic ring of the alicyclic 
compound, via one oxygen atom. 

10 The compound having an alicyclic epoxy 

group(s) in the molecule, preferably used in the present 
invention can be a compound having at least one, prefer- 
ably one or two alicyclic epoxy groups in the molecule. 
Specific examples of such a compound include dicyclo- 

15 pentadiene dioxide, limonene dioxide, di(3,4- 

e poxycy cl ohex yl ) ad i pate , (3 . 4-epoxyc ycl ohexyl )me thyl 
3 # 4-epoxycycl ohexan ecarbo xyl ate , (3 , 4-epoxy-6-met hyl - 
cycl ohexyl )methyl 3 . 4-epo xy-6-methyl c yd ohe xaneca rbox- 
y 1 ate , ethyl ene-1 ,2-di (3 . 4-epox ycycl o hexanecarbox yl i c 

20 acid) ester and the compounds represented by the follow- 
ing formula (1). (2) or (3). These compounds can be 
used singly or in combination of two or more compounds. 

^.-t—°r ... 

(wherein R 1 is a hydrogen atom, an al Kyi group of 1-8 
30 carbon atoms which may have an epoxy group(s), or an 
-a-cy-1 —group- of -1—1-2 carbon— atoms -which -may have— an- epoxy — 

group(s); R* is an alkylene group of 1-6 carbon atoms; 

and n is an integer of 0-15), 



6 

(wherein two R 3 s may be the same or different and are 
each Independently an alkylene group of 1-6 carbon 
atoms: and m is an integer of 0-25), 

OR 4 



OR 5 



(wherein R 4 i s an alkylene group of 1-6 carbon atoms; 
and three R* s may be the same or different and are each 
independently an al kyl group of 1-4 carbon atoms). 

In the formula (1). the al kyl group which can 
be taken by R 1 . is straight chain, branched chain or 
cyclic and includes, for example, methyl, ethyl, n- or 
iso-propyl. n-. iso- or tertiary-butyl, octyl and cyclo- 
hexyl groups. The al kyl group which has an epoxy 
group(s). includes, for example, a 3. 4-epoxycyclohexyl- 
raethyl group. The acyl group which can be taken by R . 
is a group represented by RCO ("herein R is an organic 
group such as al kyl . al ke nyl . c ycl oal kyl . aryl. aralkyl 
or the like), and includes, for example, formyl. acetyl, 
propionyl. butyroyl. octanoyl . lauroyl. acryloyl. 
methacryloyl and benzoyl groups. The acryl group which 
has an epoxy group(s). includes, for example, a 3.4- 
epoxycyclohexanecarbonyl group. The alkylene group 
which can be taken by R* . is straight chain, branched 
-chai n- o r -cyc-l-i c. and. incl u.des . f_or exampl e., methylene . 
ethylene. 1.2- or 1 , 3-p ro pyl ene . butylene and 
cycl ohexylene groups. 

Typical examples of the compound represented 
by the formula (1) wherein n is 0. include 3.4- 
epoxycyclohexylmethyl 3 . 4 -epoxy cycl oh exanec arboxy 1 ate . 
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3 , 4-epoxycycl ohexyl methyl acryl ate, 3 . 4-epoxycycl o- 
hexyl me thyl met hac r yl ate , 3 , 4-epoxycycl ohex yl meth yl 
alcohol and di ( 3 , 4-epoxyc ycl ohe xyl mot hyl ) ether. Typi- 
cal examples of the compound represented by the formula 
5 (1) wherein n Is an integer of 1-15 (n is preferably an 
integer of 1-6) , include those compounds of the formula 
(1) wherein R 1 is a hydrogen atom and R* is a methylene 
group, or R 1 is a 3 1 4-epoxycycl ohexanecarbonyl group and 
R* is a methylene group, or R 1 is an acryloyl group and 

10 R* is a methylene group, or R 1 is a methacryloyl group 
and R* i s a methylene group. 

In the formula (2). the al kyl ene group repre- 
sented by R* is straight chain, branched chain or cyclic 
and includes, for example, methylene, ethylene, 1,2- or 

15 1 ,3-propylene , butylene and eye 1 ohexy 1 ene groups. 

Typical 'examples of the compound represented by the 
formula (2) include those compounds of the formula (2) 
wherein two R 3 s are each a 1,2-ethylene group and m is 
an integer of 0-25. 

20 In the formula (3), the al kyl ene group repre- 

sented by R 4 is straight chain, branched chain or cyclic 
and includes, for example, methylene, ethylene, 1,2- or 
1 ,3-propylene , butylene and eye 1 ohexy 1 ene groups. 
Typical examples of the compound represented by the 

25 formula (3) include those compounds of the formula (3) 

wherein R 4 is an ethylene group and three R 5 s are each a 
methyl group, or R 4 is a 1,2- or 1 , 3- propyl ene group and 
three R 5 s are each a methyl group. 

Of the above-mentioned compounds having an 

30 alicyclic epoxy group(s) in the molecule, particularly 

preferable compounds _i.ncl.ude 3 ,_4-epox ycyclc ohexyl me t by 1 

3 , 4-epoxycycl ohexan eearbo xyl ate , 3, 4-epoxyc ycl o- 
hexylmethyl alcohol , 3 , 4-epoxyc ycl ohe xyl eth yl t ri - 
methoxy sS 1 ane and compounds represented by the following 

35 f ormul a : 



a 




o o 

ii a 

CHzO-C-(CHa )b-Q-C 




or 



O 
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CHs 



CHa 



(CHi )2-Si-0-Si-(CHa )z 



CHa 



CH3 




O 
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Compound (B) having an oxetane ring(s) in the molecule 
The compound (B) used in the present coating 
compos i tion is a compound having, in the molecule, at 
least one. preferably 1-15. more preferably 1-4 oxetane 
15 rings ( I °\ } which can give rise to ring-opening poly- 



merization when irradiated with ultraviolet rays in the 
presence of a cationic initiator (the compound is here- 
inafter referred to as "oxetane compound")- Specific 
examples of the oxetane compound include compounds 
20 represented by the following formula (4) and compounds 
represented by formula (10). (11) or (12) shown later. 



fluorine atom, a straight chain, branched chain or 
cyclic alkyl group of 1-6 carbon atoms (e.g. a methyl. 

30 ethyl, n- or iso-propyl. n- . iso- or tertiary-butyl. 

p.en t y 1 h.exy 1_ .o r -.cy_c,ljo.hex.y I 9 CP up) ...... a _a Jt.r atgh t_ch_ai n or 

branched chain fluoroa>kyl group of 1-6 carbon atoms 

(e.g. a monof 1 uoromet hyl . di f 1 uo rome t hyl . tri- 

f 1 uorom ethyl , 2 , 2 , 2 - t r i f 1 uo roe t hyl . p erf 1 uo roe thy 1 . 

35 perf luo ropropyl . pe r f 1 uor obutyl or pe r f 1 uorohexyl 

group), an ally! group, an aryl group (e.g. a phenyl. 




25 




In the formula (4), R 



,6 



is a hydrogen atom, a 
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naphthyl, tol yl or xylyl group), an aralkyl group (e.g. 
a benzyl or phenethyl group), a furyl group or a thianyl 
group; R 7 has a valency corresponding to the value of p 
and is a hydrogen atom or a mono- to tetravalent organic 
group; Z is an oxygen or sulfur atom; and p is an inte- 
ger of 1-4. 

The mono- to tetravalent organic group repre- 
sented by R 7 includes mono- to tetravalent straight 
chain, branched chain or cyclic hydrocarbon groups of 1- 
30 carbon atoms which may contain at least one hetero 
atom selected from 0. S, N and F and/or a siloxane 
bond (s) . 

Specific examples of the monovalent organic 
group which can be taken by R* . include a straight 
chain, branched chain or cyclic al kyl group of 1-6 
carbon atoms {e.g. a methyl, ethyl, n- or i so-propyl , 
n-, iso- or tertiary-butyl, pentyl, hexyl or cycl ohexyl 
group), a straight chain or branched chain alkoxyalkyl 
group of 1-6 carbon atoms (e.g a methoxyethyl , 
ethoxyethyl, butoxyethyl or ethoxymethyl group), a 
straight chain or branched chain fluoroalkyl group of 1 - 
6 carbon atoms (e.g. a monofluoromethyl , di f 1 uo romethyl , 
tri-fluo romet hyl , 2,2,2-trifluo roe thy 1, per f 1 uoro ethyl f 
perfluoropropyl , pe r f 1 uo r obut y 1 or pe rfl uo r ohexyl 
group), an allyl group, an aryl group (e.g. a phenyl, 
naphthyl, tolyl or xylyl group), an aralkyl group (e.g. 
a benzyl or phenethyl group), a furyl group, a thienyl 
group and an epoxy- con tai ni ng group (e.g. a gl yci dyl or 
3 , 4-epoxycycl ohexyl methyl group ) . 

Specific examples of the divalent organic 
group which can be taken by R 7 , include a straight 
chain, branched chain or cyclic alkylene group (particu- 
larly, an alkylene group of 1-15 carbon atoms such as 
methylene, ethylene, 1,2- or 1 , 3-prop y 1 ene , butyl ene or 
c yd ohexyl ene ) P a pol y ( al kyl eneoxy ) group having 4-30, 
preferably 4-8 carbon atoms [e.g. a pol y (et hyleneoxy ) or 
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pol y (propyl eneoxy) group], a phenylene group, a xylylene 
group, a group represented by the following formula (5) 
or (6): 



-C 



[wherein R 8 is 0. S. CH 2 . NH. SO. SOj . C(CFj ) ? or 
CCCH,),]. 

0 0 

10 || || (6) 

-C- R 9 -C- 

( wherein R 9 i s an alkylene group of 1-6 carbon atoms, an 
arylene group or a direct bond) , 

15 and a group of 2-30, preferably 2-6 carbon atoms wherein 
two alkylene groups are bonded via a ( pol y) si 1 oxa ne 
chain [e.g. such a group wherein the alkylene groups are 
each an ethylene group or a propylene group and the 
( pol y )s 1 1 oxan e chain has a molecular weight of 130- 

20 15.000, particularly 13O-500; preferably, a group repre- 
sented by the following formula (7)]: 



25 



- (CH,){ - 



CH, 
I 

S i -0 

I 

CH, 



C Ha 
I 

Si (CH,),, 

I 

CH, 



(7) 



(wherein k is an integer of 1-6. and { is 2 or 3) . 
30 Specific examples of the tri- or tetra-valent 

organic group which can be taken by R 7 , include those 
groups represented by the following formula (B) to (11) 

B 10 

(8) 



35 



- C - 
I 
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J 0 



(wherein R is an al kyl group of 1-6 carbon atoms, for 
example, an ethyl group), 



-H 2 C 




(9) 



CH 2 - 



r 



CHa Si CHa 

CH3 I) CHa 

— R 11 Si O Si O Si R M — (10 ) 

CHj 0 CHa 

I 

CHs Si CHs 

I 

R u 
I 

(wherein four R 1 1 s may be the same or different and are 
each independently an alkylene group of 1-6 carbon 
atoms, for example, an ethylene group), 

— CH2 

\ ^CHz — 

.CH2 

(11 > 

— CHs^ / 

CH2 
I 

(wherein two R^s may be the same or different and are 
each independently a hydrogen atom, a fluorine atom, an 
alkyl group of 1-6 carbon atoms, a f 1 uoroal kyl group of 
1-6 carbon atoms, an allyl group, an aryl group, a fury 1 
group or a thienyl group). 
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Of the mono- to tetra-valent organic groups 
which can be taken by R 1 . mono- or di-valent organic 
groups [i.e. p of the formula C4) is 1 or 2] are pre- 
ferred. Particularly preferred are an alkyl group of 1- 
6 carbon atoms, such as methyl, ethyl, propyl, butyl, 
hexyl or the like; an ally! group; a glycidyl group; a 
vinyl group; an alkoxyalkyl group of 1-6 carbon atoms, 
such as ethoxyethyl . methoxyethyl or the like; a benzyl 
group; an alkylene group of 1-6 carbon atoms, such as 
methylene, ethylene, propylene, butyl ene, hexylene or 
the like; a p-xylylene group; and a group represented by 
the following group: 

CHa CH3 
I I 

CH2CH2 S i 0 Si CH* CH2 

I I 
CHj CH3 

In the formula (4). R 6 is preferably a hydro- 
gen atom; an alkyl group of 1-6 carbon atoms, such as 
2D methyl, ethyl , propyl, butyl, hexyl or the like; or an 
allyl group. R 6 is particularly preferably a hydrogen 
atom, a methyl group or an ethyl group. 

The compound (B) having at least one oxetane 
ring in the molecule is preferably: 
25 (B-1 ) a compound having, in the molecule, at 

least one, preferably one oxetane ring and at least one. 
preferably one hydroxyl group, or 

(B-2) a compound having, in the molecule, at 
least two oxetane rings, or an oxetane ring(s) and an 
30 epoxy group(s). 

The oxetane compound (B-1) includes, for exam- 
ple, a compound of the formula (4) wherein p is 1 and R 7 
is a hydrogen atom, particularly a compound represented 
by the following formula (4-1): 



10 



35 
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^- ..... 

5 (wherein R* 1 is a hydrogen atom . a fluorine atom, a 
straight chain or branched chain alkyl group of 1-6 
carbon atoms, a straight chain or branched chain 
fluoroalkyl group of 1-6 carbon atoms, or an ally! 
g roup) - 

10 Typical examples of the compound represented 

by the formula (4-1) include a compound of the formula 
(4-1) wherein R* 1 is an ethyl group. 

The oxetane compound (B-2), when containing at 
least two oxetane rings in the molecule (this compound 

15 is hereinafter referred to as "polyoxetane compound") , 
includes a compound of the formula (4) wherein p is an 
integer of 2-4. Particularly preferable as such a com- 
pound is a compound represented by the following formula 
(4-2): 




(4-2) 



(wherein R° has the sane definition as given above; R 
25 is the same as the di- to tetra-valent organic group 

defined for R* in the formula (4); and q is an integer 
of 2-4) . 

Typical examples of the compound represented 

by the formula (4-2) include those compounds of the 

30 formula (4-2) wherein R* 1 is an ethyl group and R* 1 is a 

1 . 4-tet raroethylene group, a dodecamet hyl ene group, an o- 

. m- or p-xyl ylene group, a group represented by the 

g 

formula (6) wherein R is an ethylene group, or a group 
represented by the formula (7). 
35 The polyoxetane compound includes, besides the 

compounds represented by the formula (4-2), compounds 
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10 



15 



20 



r epre&e 



nted by the following formula (12), (13) or (14): 



,61 



R 61 



(12) 



(wherein two R 6 1 s , which may be the same or different, 
each have the same definition as given above and are 
preferably an ethyl group). 



CH, 
I 

CH, CH. CH, O- (CH.), -Si-O 

CH, 



<5 



s i 



(13) 



CH, 

-k i-o- 

(^H«), 



CH, CH, CH, 



(14) 



25 



30 



35 



(wherein s is an integer of 25-200). 

The oxetane compound (B-2) . when containing an 
oxetane ring(s) and an epoxy group(s) in the molecule 
(such a compound is hereinafter referred to as "e poxy- 
containing oxetane compound"), includes a compound con- 
taining, in the molecule, one oxetane ring and one epoxy 
group. An example thereof is a compound represented by 
the following formula (15): 



CH, O- * 13 



(IS) 



15 

(wherein R* ' is an epoxy- con tai ni ng group, and R* * has 
the same definition as given above). 

Typical examples of the epoxy-con ta i ni ng 
oxetane compound include those compounds of the formula 
5 (15) wherein R B 1 ie an ethyl group and R 1 1 is a glycidyl 
group or a 3. 4-epoxycyclohexylmethyl group. 

The oxetane compound (B) can be used singly or 
in combination of two or more kinds. Preferably, the 
compound (B-1 ) and the compound (B-2) are used in combi - 

10 nation. In the case of combination use, the proportions 
of the compound (B-1) and the compound (B-2) can be each 
independently 5-60 parts by weight, preferably 5-40 
parts by weight, more preferably 10-30 parts by weight 
per 100 parts by weight of the total of the cation- 

15 pol ymer i zable compound (A) and the oxetane compounds (B- 
1 ) and (B-2) - 
Cationic initiator (C) 

The cationic initiator (C) used in the present 
invention is a compound which generates a cation when 

20 irradiated with ultraviolet rays, to initiate polymer- 
ization, and includes, for example, a hexafluoro- 
antimonate (salt), a pent afl uor ohydroxyanti monate 
(salt), a hexaf 1 uor ophosp hate (salt), a hexafluoro- 
arsenate (salt) and other cationic initiators, each 

25 represented by one of the following formulas (I) to 
(XV) . 

Ar 2 I 4 X" (I) 

30 (wherein Ar i s an a ryl group, for example, a phenyl 
group; and X* is PF^". S° F e or AsF 8 "). 

Ar 3 S* -X" (ID 
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(wherein Ar and X" each have 
g i ven above) , 



the same definition as 
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-N.*» X- 

(B")r 

5 (wherein R* 0 is an al kyl group of 1-12 carbon atoms or 
an alkoxy group of 1-12 carbon atoms; r is an integer of 
0-3; and X" has the same definition as given above). 



®>~<oWo> 



(IV) 



(wherein Y" is PF $ " . SbF 6 ' . AsFj* or SbFj (OH) - ) . 

|K,^ s ^,<<| 2 x. 

(wherein X" has the same definition as given above) 

20 ' __ 

x- < VI > 



25 (wherein X" has the same definition as given above). 




(VII) 



^^CH (CH,). 
(wherein X~ has the same definition as given above). 
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(VIII) 



10 



15 



20 



25 



30 
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(wherein R 2 1 is an aralkyl group of 7-15 carbon atoms or 
an alkenyl group of 3-9 carbon atoms; R 2 2 is a hydrocar- 
bon group of 1-7 carbon atoms or a hy rfroxyp henyl group; 
R 2 * is an alkyl group of 1-5 carbon atoms which may 
contain an oxygen atom(s) or a sulfur atom(s); and X~ 
has the same definition as given above). 



C1 3^N^ CCl3 




(IX) 



(X) 



(wherein R 2 4 and R 2 5 are each independently an alkyl 
group of 1-12 carbon atoms or an alkoxy group of 1-12 
carbon atoms) , 




(XI) 



O, -CH.-(O^-N0 a 




SO*-' I" 



(XII ) 



(wherein R* 4 and R 2 S each have the same definition as 
given above) . 



NH 

(XIII) 




oio 



so,- - i-' ^ 



O O-CHs 
/oVc'C-CH^O-SO.-^-CH 
^ ' 1 (XIV) 




0 'CH, -D-SO.-^Q^-CH, (XV) 

The cationic initiator (C) is available as 
commercial products. Sue h products 1 ncl ude . for exam- 
ple. Cyracure UVI-6970. Cyracure UVI-B974 and Cyracure 
UVI-6990 (these are products of Union Carbide Corpora- 
tion of U.S. } ■ Irgacure 264 (a product of Ciba Geigy 
Co.) and CIT-1682 (a product of Nippon Soda Co.. Ltd.) 

Of the above-mentioned cationic initiators, 
compounds having hexaf 1 uo rophos phate anion (PF B ") are 
preferred in view of the toxicity, general-purpose 
applicability, etc. 
Lubricity-imparting agent (D) 

In the present coating composition, the lu- 
bricity-imparting agent (D) is used in order to improv 
lubricity of a coating film formed. It includes, for 
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example, waxes such as fatty add ester wax (which is an 
ester of a polyol compound(s) and a fatty acid(s)), 
sil icon-based wax, fluorine-containing wax, polyolefin 
wax. animal wax. vegetable wax and the like. 
5 The polyol compound, which is a raw material 

of the fatty acid ester wax, includes ethylene glycol, 
diethylene glycol, triethylene glycol, tetraethyl ene 
glycol. 1.3- or 1 , 4-butanedi ol , neopentyl glycol. 1.6- 
hexanediol. glycerine, di - or higher pol ygl yceri n e . 

10 t ri methyl ol propane, pentaerythri tol , di pent aery th ri to! . 
etc. Of these compounds, polyol compounds having three 
or more hydroxyl groups in the molecule are preferable. 
Especially preferable examples are po 1 ygl yceri ne , 
t rimethylol propane and pentaery thrito 1 being particular- 

15 1 y pref erred - 

The fatty acid, which is another raw material 
of the fatty acid ester wax, includes saturated or 
unsaturated fatty acids. It is preferably a fatty acid 
of 6-32 carbon atoms. Preferable specific examples of 

20 the fatty acid include saturated fatty acids such as 
capryli c acid, pelargonic acid, capri c acid, lauric 
acid, myristic acid, palmitic acid, stearic acid, arach- 
ic acid, behenic acid, cerotic acid, montanic acid, 
melissic acid and the like: and unsaturated fatty acids 

25 such as caproleic acid, undecylenic acid, palmitoleic 
acid, oleic acid, linolic acid, linolenic acid, eleo- 
stearic acid, cetoleic acid, erucic acid, licanic acid, 
ricinol eic acid, arachidonic acid and the like. 

The fatty acid ester wax is preferably such a 

30 fatty acid ester wax wherein at least 1/3 of the total 
hydroxyl groups of the polyol compound is esterified 
wi th the fatty acid . 

The silicon-based wax includes, for example. 
BYK-300 , BYK-320 and BYK-330 (these are products of BYK 

35 Chemie Co.); Silwet L-77 , Silwet L-720 and Silwet L-7602 
(these are products of Nippon Unicar Co., Ltd.); Paint 
Additive 29, Paint Additive 32 and Paint Additive M 
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(these are products of Dow Corning Corporation); and 
Shin-Eteu Silicone KF-96 (a product of Shin-Etsu Chemi- 
cal Co., Ltd.)- The fluorine-based wax includes, for 
example. Shamrock Wax SST-1MG. Shamrock Wax SST-3 and 
Shamrock Wax Fluoroslip 231 (these are products of 
Shamrock Chemicals Co.); and POLYFLUO 120. POLYFLUO 150 
and POLYFLUO 400 (these are products of Micro Powders 
Co.). 

The polyolefin wax includes, for example, 
Shamrock Wax S-394 and Shamrock Wax S-395 (these are 
products of Shamrock Chemicals Co.); Hechst Wax PE-520 
and Hechst Wax PE-521 (these are products of Hechst 
Co.); and Mitsui Hi ghwax (a product of Mitsui Petrochem- 
ical Industries, Ltd.). The animal wax includes, for 
example, lanolin and bees wax. The vegetable wax i n- 
ciudes, for example, carnauba wax and Japan wax. 

The lubricity-imparting agent (D) can be used 
singly or in combination of two or more kinds. 

The silicon-based wax can impart excellent 
lubricity after film curing but before retort treatment. 
The fatty acid ester wax can impart excellent lubricity 
after film curing and retort treatment. Therefore, it 
is preferable to use at least one wax selected from the 
silicon-based wax and the fatty acid ester wax. Com- 
bined use of 0,01-5 parts by weight of the silicon-based 
wax and 0.1-5 parts by weight of the fatty acid ester 
wax per 100 parts by weight of the total of the cation- 
polymer i zabl e compound (A) and the oxetane compound (B) 
can provide a coating film having excellent lubricity 
before and after retort treatment. 
Other additives 

The coating composition of the present inven- 
tion can further comprise as necessary, besides the 
essential components (A). (B) , (C) and (D), a 
sensitizer; a pigment (e.g. coloring pigment or extender 
pigment) or a dye, of such an amount that curing is not 
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significantly hindered; a modifying resin (e.g. polyol 
resin, phenolic resin, acrylic resin, polyester resin, 
polyolefin resin, epoxy resin or epoxidized poly- 
butadiene resin); organic resin fine particles; a sol- 
5 vent; and so forth. 

The sensitizer is used in order for the pres- 
ent composition to have improved curability by ultravio- 
let rays and includes, for example, pyrene, perylene. 
Acridine Orange, thioxant hone, 2-chl o rothi o xantho ne and 
10 benzoflavin. The sensitizer is used in an amount of 

generally 10 parts by weight or less, preferably 3 parts 
by weight or less per 100 parts by weight of the total 
of the cation-polymerizable compound (A) and the oxetane 
compound (B) . 

15 When a modifying resin is used, the preferable 

amount used is generally 0.1-50 parts by weight, par- 
ticularly 5-20 parts by weight per 100 parts by weight 
of the total of the cation-polymeri zable compound (A) 
and the oxetane compound (8). As the modifying resin. 

20 an epoxidized pol yb utadi e ne resin is particularly effec- 
tive for the improvement of film p roc essabi 1 i t y , 
adhesivity, etc. 

The organic resin fine particles preferably 
have particles diameters of .50-500 and are, for 

25 example, acrylic resin fine particles which are inter- 
nal 1 y crossli nked t h ree-d i mensi onal 1 y . The organic 
resin fine particles include, for example, those ob- 
tained by grinding an organic polymer into fine parti- 
cles, or by conducting emulsion polymerization in water 

30 in the presence of an emulsifier and drying and grinding 
the resulting polymer fine particles, or by conducting 
dispersion polymerization in an organic solvent in the 
presence of a polymer stabilizer and drying and grinding 
the resulting polymer fine particles. Use of the organ- 

35 ic resin fine particles in the present coating composi- 
tion can provide a coating film of improved adhesivity 
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and proceseabi 1 i ty . When organic rosin fine particles 
are used, the preferable amount used is generally 0.1-50 
parts by weight, particularly 1-10 parts by weight per 
100 parts by weight of the total of the cation- 
polymer i zabl e compound (A) and the oxetane compound (B) . 
Coat i ng composi tion 

The coating composition of the present inven- 
tion can be prepared by mixing the above-mentioned 
individual components and stirring them so as to obtain 
a uniform coating composition. For example, the indi- 
vidual components are mixed and then stirred by the use 
of a stirrer (e.g. a dissolver) with heating as neces- 
sary to, for example, about SO'C until a uniform compo- 
sition is obtained (for example, about 10 minutes) - 

The proportions of the cat i on -pol ymeri zab 1 e 
compound (A), the oxetane compound (B), the cationic 
initiator (C) and the 1 ub ri ci ty -i rapar ti ng agent (0) used 
can be as follows. 

The proportion of the cat i on- pol yme r i zabl e 
compound (A) can be 1-99 parts by weight, preferably 20- 
90 parts by weight, more preferably 40-BO parts by 
weight; and the proportion of the compound (B) can be 1- 
99 parts by weight, preferably 10-80 parts by weight, 
more preferably 20-60 parts by weight. In the above 
proportions, the total of the compound (A> and the 
compound (B) must be 100 parts by weight. 

The proportion of the cationic initiator (C) 
can be 0.01-20 parts by weight, preferably 0.1-10 parts 
by weight, more preferably 1-5 parts by weight per 100 
parts by weight of the total of the compound (A) and the 
compound (B) . The proportion of the lubricity-imparting 
agent ( D) can be 0.01-10 parts by weight, preferably 
0.1-5 parts by weight, more preferably 0.5-3 parts by 
weight per 100 parts by weight of the total of the 
compound (A) and the compound (B). 

The ultraviolet-curing coating composition for 
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cans has ultraviolet-curability, and can form a cured 
film by being coated on a metal plate, a resin film- 
laminated metal plate or a metal can formed by molding 
of any of these metal plates and then being irradiated 
5 with ultraviolet rays. The former metal plate includes 
plates of tinplate, aluminum, tin-free steel, iron, 
zinc, copper, zinc-plated steel, steel plated with a 
zinc-other metal alloy, or the like, which can be molded 
into a metal can. These metal plates may have been 

10 subjected to a chemical treatment such as zinc phosphate 
treatment or chroma te treatment . The resin film-lami- 
nated metal plate includes those obtained by laminating, 
on the former metal plate, a film of a resin such as 
polyester resin (e.g. polyethylene te repht hal a te) . 

15 polyolefin resin (e.g. polyethylene or polypropylene), 
polyamide resin, epoxy resin, polyvinyl chloride or the 
like. The thickness of the present coating composition 
applied can be appropriately determined depending upon 
the application but can be in the range of generally 

20 about 2-20 pm , preferably about 2-8 urn in terms of "as 
dried" film thickness. 

The ultraviolet-curing coating composition for 
cans according to the present invention can be applied 
by a coating method such as roll coating, spray coating. 

25 bar coating, roller coating, silk screen printing or the 
like. The resulting coating film is subjected to heat- 
ing or the like for solvent removal when the composition 
contains a solvent, and then is irradiated with ultravi- 
olet rays for curing. The conditions for irradiation 

30 can be appropriately varied depending upon the kind of 
coating composition used, the thickness of film formed, 
e tc . 

The appropriate wavelength of the ultraviolet 
rays applied is generally 200-600 nm. An UV source 
35 having a wavelength of high sensitivity can appropriate- 
ly be selected depending upon, for example, the kind of 



24 



cat-ionic initiator used. 

The UV source usable includes, for example, a 
high pressure mercury lamp, an ultrahigh pressure mercu- 
ry lamp, a xenon lamp, a carbon arc, a metal hal i de lamp 
5 and a sunlight. The appropriate UV amount applied is 
generally 10-1.000 mJ/cm 2 , particularly 50-600 mJ/cm* . 

The ultraviolet-curing coating composition for 
cans according to the present invention comprises the 
c at i on- pol yme ri zabl e compound (A) and the oxetane com- 

10 pound (B) as the film-forming components' and can be 
effectively cured by cationic polymerization in the 
presence of a cationic initiator by the use of ultravio- 
let rays, without requiring any apparatus for nitrogen 
sealing or the like. The resulting coating film is 

15 superior in p rocess abi 1 i t y , adhesivity. hardness, mar 

resistance, etc. even in a thin film state and moreover 
in film appearance and retort resistance (these film 
properties are necessary for coatings used for cans). 
Further, the coating film after UV irradiation shows no 

20 reduction in adhesivity with the lapse of time. There- 
fore, the present coating composition is suitable par- 
ticularly as a coating for outer surface of can. 

The present invention is hereinafter described 
more specifically by way of Examples. In the following. 

25 parts and % are by weight . 

Production of oxetane compounds (B) 
Production Example 1 

In a flask equipped with a stirrer and a 
cooler were placed 67.0 g (0.5 mole) of trimethylol- 

30 propane, 59.0 g (0.5 mole) of diethyl carbonate and a 

solution of 0.05 g of potassium hydroxide dissolved in 2 
ml of anhydrous alcohol. The flask contents were 
refluxed until the flask inside temperature reached a 
temperature lower than 105*C . Then, distillation was 

35 conducted with the distillation head temperature kept at 
76-78°C . Distillation was continued until the flask 
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inside temperature became 145<C - Thereafter, the flask 
inside pressure was gradually lowered to 15 mmHg while 
the flask inside temperature was being kept at 140-150 
<C - When the flask inside was heated to a temperature 
5 higher than 180*0 . carbon dioxide vaporized quickly and 
most of the product was distilled at 100-160*0 * 
Redistillation was conducted to obtain 43.9 g of 3- 
e thyl -3-hydroxymethyl oxetane . 
Production Example 2 

10 In a flask equipped with a stirrer were placed 

a solution of 23.2 g (0.2 mole) of 3-ethyl-3-hydroxy- 
methyloxetane dissolved in 48.4 g (0.4 mole) of ally! 
bromide and 50 g of an aqueous solution containing 50% 
by weight of potassium hydroxide. Thereto was added 1.0 

15 g. of te tra-n-butyl ammoni um bromide at O'C with vigorous 
stirring. After 24 hours, 100 ml of d i chl o roraeth ane and 
100 ml of water were added. The resulting organic phase 
was washed with water twice, dried over magnesium sul- 
fate, and filtered. The filtrate was treated by the use 

20 of a rotary evaporator to remove the solvent in the 

filtrate. The residue was purified by vacuum distilla- 
tion to obtain 28.6 g of 3-et hy 1 -3-al 1 yl oxy me thyl oxe- 
t ane . 

Production Example 3 

25 In a flask equipped with a stirrer and a 

cooler were placed 25.0 g (0.1 mole) of d i t ri raeth yl ol - 
propane, 23.6 g (0.2 mole) of diethyl carbonate and 5.0 
g of potassium carbonate. The flask contents were 
refluxed until the flask inside temperature reached a 

30 temperature lower than 120*C - Then, the flask contents 
were subjected to distillation with the distillation 
head temperature kept at 76-78t . Distillation was 
continued until the flask inside temperature became 
1 80°C • and the flask contents became viscous owing to 

35 the formation of a polymer. When the flask inside was 
heated to a temperature higher than 220<C , the viscous 
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mixture returned to a fluid liquid and carbon dioxide 
vaporized quickly. Then, when the flask inside pressure 
was gradually reduced to 15 mmHg, most of the product 
was distilled at 120-17CTC - Redistillation was conduct- 
ed to obtain 8.9 g of an oxetane compound represented by 
the following formula (16). 

O O 

CHa CH« CHi CH 3 

Production of ultraviolet-curing coating compositions 
for cans 
Example 1 

There were mixed 60 parts of 3.4-epoxy- 
c yc 1 ohexyl me t hy 1 3 , 4-epox ycyclo hexane car box yl ate ; 20 
parts of a ca ti on-pol ymer i zabl e compound represented by 
the following formula (17): 



l^^UcH. O- [C- (CH B ) 5 OI ^fi^^ 



(17) 



(wherein n is a number of average 3); 20 parts of the 3- 
e thyl -3-hydroxymethyloxetane obtained in Production 
Example 1; 6 parts of Cyracure UVI-6990 (a photo- and 
cation-polymerization initiator having PF fi ' , a product 
of Union Carbide Corporation of U.S.); 1 part of a fatty 
acid ester wax (a) obtained by reacting 1 mole of 
decaglycerine ether (which is a pol yg 1 yceri ne having a 
polymerization degree of 10 and which has 12 hydroxyl 
groups in the molecule) and 10 moles of lauric acid; and 
0.2 part of Paint Additive M (a silicon-based wax, a 
product of Dow Corning Corporation). The mixture was 
stirred at 50*C for 20 minutes to obtain an ultraviolet- 
curing coating composition for cans. 
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Examples 2-6 and Conparative Examples 1-3 

Operations were conducted in the same manner 
as in Example 1 except that the components shown in 
Table 1 were used in the proportions shown in Table 1, 
5 whereby various ultraviolet-curing coating compositions 
for cans were obtained. 
Comparative Example 4 

An operation was conducted in the same manner 
as in Example 1 except that neither fatty acid ester wax 
10 (a) nor Paint Additive M was used, whereby an ultravio- 
let-curing coating composition for cans was obtained. 
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*1 Epikote 828: a bisphenol type epoxy resin 
having an epoxy equivalents of 190 and a number-average 
molecular weight of 350, a product of Yuka Shell Epoxy 
K.K. 

♦2 TONE 0305: a trio! compound which is an 
adduct between a trihydric alcohol and €-ca p rol ac tone . a 
product of Union Carbide Corporation of U.S. 

♦3 Cyracure UVI 6974: a photo- and cation- 
polymerization initiator having antinonate anion 
( SbFg " ) , a product of Union Carbide Corporation of U.S. 

*4 Fatty acid ester wax (b): a fatty acid 
ester wax obtained by reacting 1 mole of a hexagl yce ri n e 
ether (which is a pol ygl y ceri ne having a polymerization 
degree of 6 and which has 8 hyd roxyl groups in the mole) 
and 6 moles of lauric acid. 

*5 BYK 300: a silicon-based wax. a product 
of BYK Chemle Co. 

Preparation of coated plates for testing 

Each of the coating compositions obtained in 
Examples 1-6 and Comparative Examples 1-4 was coated on 
a tin-free steel plate (TFS) of 0,20 mm in thickness and 
a PET steel plate obtained by heat-and pressure-1 ami nat- 
i ng a homo PET (homo polyethylene te r aphtha 1 ate) sheet 
of 12 vim in thickness on the above TFS, so as to give a. 
coating film thickness (as dried) of 5 urn . Each of the 
coated compositions was irradiated with ultraviolet rays 
by the use of a high pressure mercury lamp (160 W/cm) 
from a distance of 15 cm so that the UV amount applied 
became 100 mJ/cm* or 150 raj/cm* . whereby each coated 
composition was cured to obtain each coated plate for 
t es t i ng . 

Each coated plate for testing was tested by 
the following test methods. Incidentally, all the tests 
were conducted at 20*C ; and 20" gloss, in-retort extrac- 
tion and film appearance were measured only for coated 
plates using the PET steel plate. 
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Test methods 

Pencil hardness: Pencil scratching was con- 
ducted on the film of a coated plate for testing, ac- 
cording to JIS K 5400 8.4.2 (1990). Evaluation was made 
by the breakage method. 

Impact resistance (DuPont method): Impact 
molding was applied to the uncoated side of a coated 
plate for testing, by the use of a DuPont impact tester 
under the conditions of diameter of impact point = 3/8 
in., falling weight « 500 g and falling height = 50 cm. 
The molded portion was observed by the use of a micro- 
scope and evaluated according to the following yard- 
stick. 

@ : either cracking nor film peeling is 
seen . 

O : Slight cracking is seen but no film 
peeling is seen. 

A : Considerable cracking is seen but no 
film peeling is seen. 

X : Film peeling is seen. 
Mar resistance: A friction test was conducted 
for a coated plate for testing, by the use of a Bauden 
friction tester (a stick-slip tester of Soda type, a 
product of ShinKo Engineering Co., Ltd.) under the 
conditions of friction portion diameter = 3/16 in. steel 
ball, load = 1 kg and frictional speed = 7 
reciprocations/min. Times of friction required for the 
first appearance of mar on the coating film of the test 
plate was measured. When no mar appeared in 50 times, 
mar resistance was expressed as > 50. 

Adhesivity: 100 squares of 1 - 5 mm x 1 . 5 mm 
were formed on the coated side of a coated plate for 
testing, in accordance with JIS K 5400 8.5.2 (1990) 
(cross-cutting and taping method). On these squares was 
adhered a pressure-sensitive adhesive tape; the tape was 
peeled quickly; and the condition of the squares was 
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evaluated according to the following yardstick. 

@ : No film peeling is seen. 
O : Film was removed slightly at the 
square periphery. 
5 A : Film was removed slightly at the 

square periphery and other place(s). 
X : Considerable film peeling is seen. 
20° gloss: The 20° specular reflectivity of a 
coated plate for testing was measured. 
10 In-retort extraction: A coated plate for 

testing was immersed in deionized water and heat-treated 
at 125*; for 30 minutes i n an autoclave. Then, reduc- 
tion (%) in film weight of test plate was measured. 

Film appearance: The appearance of the coat- 
15 i ng film formed on the PET steel plate was evaluated 
visually according to the following yardstick. 

O - There is no reduction in luster. 
A : There is slight reduction in luster. 
X : There is considerable reduction in 
20 1 ust er . 

Test resul ts 

Shown in Table 2 and Table 3. 
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Production of ultraviolet-curing coating compositions 
for cans 
Example 7 

There were mixed SO parts of 3,4-epoxy- 
5 cycl ohexylmet hyl 3. 4-epox ycycl o hexane carbox yl ate (here- 
inafter abbreviated to compound A-(T)); 20 parts of 3- 
ethyl -3-hydroxymethyloxetane (hereinafter abbrevi a ted to 
compound 8-(7)); 10 parts of a compound of the formula 
(12) wherein each of R* 1 s is an ethyl group (hereinafter 

10 abbreviated to compound B-^2^) ; 20 parts of a compound 
of the formula (4-2) wherein R 6 1 is an ethyl group. R 7 1 
is a p-xylylene group and p is 2 (hereinafter abbreviat- 
ed to B-(T)): 6 parts of Cyracure UVI-6990 (a photo- and 
cation-polymerization initiator having PF^ " , a product 

15 of Union Carbide Corporation of U.S.); 1 part of a fatty 
acid ester wax (a) obtained by reacting 1 mole of 
decaglycerine ether (which is a polyglyceri ne having a 
polymerization degree of 10 and which has 12 hydroxyl 
groups in the molecule) and 10 moles of lauric acid; and 

20 0.2 part of Paint Additive M (a silicon-based wax. a 
product of Dow Corning Corporation). The mixture was 
stirred at SO'C for 20 minutes to obtain an ultraviolet- 
curing coating composition for cans. 
Examples 8-14 and Comparative Example 5 

2 5 Operations were conducted in the same manner 

as in Example 7 except that the components shown in 
Table 4 were used in the proportions shown in Table 4, 
whereby various ultraviolet-curing coating compositions 
for cans were obtained. 
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*1 Compound A-(£) : 3, 4-epoxycyclohexyl methyl 

al cohol 

*2 Compound B-(^) : a compound of the formula 

(16) wherein R el is an 
5 ethyl group and R* 3 ie a 

glycidyl group. 
*3 TONE 0305: a triol compound which is an 
adduct between a trihydric alcohol and 6-ca pro! ac tone , a 
product of Union Carbide Corporation of U.S. 
10 *3 Cyracure UVI 6974: a photo- and cation- 

polymerization initiator having antimonate anion 
(SbFg"), a product of Union Carbide Corporation of U.S. 

♦5 Denarex R-45EPI: an epoxidized 
pol ybut adi ene resin, a product of Nagase Chemicals Ltd. 
15 #6 Organic resin fine particles (b): An 

aqueous dispersion of polymer fine particles, obtained 
by the following production process was placed on a 
stainless steel vat and dried in an electric hot air 
drier of 60*C . The resulting solid resin was ground to 
20 obtain organic resin fine particles (b) having particle 
diameters of about 80 Mm. 

Produ cti on proces s 

In a flask were placed 3.540 parts of dei on- 
i zed water and 51 parts of Elemino.l JS-2 (an aqueous 

25 solution containing 39% of an allyl group-containing 

anionic reactive emulsifier of sul f os ucci ni c acid type, 
a product of Sanyo Chemical Industries. Ltd.). The 
mixture was heated to 90*C with stirring. Thereto was 
added 20% of an aqueous polymerization initiator solu- 

30 tion obtained by dissolving 12.5 parts of 2 . 2 ' -az obi s [2 - 
methyl-N-(2-hydroxyethyl )-propi onamide] in 500 parts of 
deionized water. Then, there was added 5% of a monomers 
mixture consisting of 470 parts of styrene. 470 parts of 
n-butyl acrylate and 60 parts of 1 , 6- hexane di ol 

35 diacryl ate. The mixture was stirred for 30 minutes. 
Thereafter, the dropwise addition of the remaining 
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monomers mixture and the remaining aqueous polymeriza- 
tion Initiator solution was started. The dropwise 
addition of the monomers mixture was conducted in 3 
hours, and the dropwise addition of the aqueous polymer- 
5 ization initiator solution was conducted in 3.5 hours. 
During the addition, the polymerization temperature was 
kept at 90°C - After the completion of the dropwise 
addition of the aqueous polymerization initiator solu- 
tion, the system was kept at 90*C for 30 minutes. Then. 
10 the system was cooled to room temperature to obtain an 
aqueous dispersion of polymer fine particles which were 
internally crosslinked th ree-di mensl o nal 1 y , The disper- 
sion had a solid content of about 20%. 

Preparation of coated plates for testing and test re- 
15 sul ts 

Using each of the coating compositions ob- 
tained in Examples 7-14 and Comparative Example 5, 
coated plates for testing were prepared and subjected to 
testing. The results are shown in Table 5 and Table 6. 
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- 40 - 
CLAIMS 

1. An ultraviolet -curing coating composition which 

comprises : 

(A) a cation-polymerizable compound, 

(B) a compound having at least one oxetane ring in 

the molecule, 

CO a cationic initiator capable of generating a 
cation when irradiated with ultraviolet rays, and 

(D) a lubricity- imparting agent, 
wherein the proportion© of the individual components are: 

(A) from 1 to 99 parts by weight, 

(B) from l to 99 parte by weight, 

CO from 0.01 to 20 parte by weight per 100 parts 
by weight of the total of (A) and (B) , and 

<D> from 0.01 to 10 parts by weight per 100 parts 
by weight of the total of CA) and CB) . 

2. A coating composition according to Claim l, 
wherein the cation-polymerizable compound (A) is a compound 
having at least one epoxy group. 

3. A coating composition according to Claims 1 or 
2, wherein the cation-polymerizable compound (A) is a 
compound having at least one alicyclic epoxy group in the 
molecule . 

4. A coating composition according to Claim 3, 
wherein the compound having at least one alicyclic epoxy 
group in the molecule is chosen from dicyclopentadiene 
dioxide, limonene dioxide, di (3 , 4-epoxycyclohexyl) adipate. 
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(3,4 -epoxycyclohexyl ) methyl 3 , 4 - epoxycyclohexane 
carboxylase, <3, 4-epoxy-6-methylcyclohexyl)methyl 3,4- 
epoxy - 6 - me t hy 1 eye 1 ohexane carboxy 1 ate, ethylene-1, 2-di (3,4- 
epoxycyclohexanecarboxylic acid) eeter and compounds 
5 represented by the following formulae (i) , (2) or (3): 





10 

wherein R l is a hydrogen atom, an alkyl group of from l to 
8 carbon atoms which may have one or more epoxy group (s), 
or an acyl group of from 1 to 12 carbon atoms which may 
have one or more epoxy group (e); R a is an alkylene group of 
15 from 1 to 6 carbon atoms; and n is from 0 to 15, 

CMs una 

20 wherein the R l groups may be the same or different and are 
each independently an alkylene group of from X to 6 carbon 
atoms; and m is from 0 to 25, 

25 ^ OR 5 
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wherein R 4 is an alkylene group of from 1 to 6 carbon 
atoms; and the R s groups may be the same or different and 
are each independently an alkyl group of from 1 to 4 carbon 
atoms * 

5 5. A coating composition according to any 

preceding claim, wherein the oxetane compound (B) is a 
. compound represented by the following formula (4) : 
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(4) 



wherein R* is a hydrogen atom, a fluorine atom, a straight 
chain, branched chain or cyclic alkyl group of from 1 to 6 

IS carbon atoms, a straight chain or branched chain 

fluoroalkyl group of from 1 to 6 carbon atoms, an allyl 
group, an aryl group, an aralkyl group, a furyl group or a 
thienyl group; R 7 has a valency corresponding to the value 
of p and is a hydrogen atom or an mono- to tetra-valent 

20 organic group; Z is an oxygen or sulfur atom; and p is from 
1 to 4. 

6. A coating composition according to any of 
Claims 1 to 4, wherein the oxetane compound (B) is chosen 
from: 

25 (B-l) a compound having, in the molecule, at least 

one, preferably one oxetane ring and at least one, 
preferably one hydroxy 1 group, and 
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(B-2) a compound having, in the molecule, at least 
two oxetane rings, or at least one oxetane ring and at 
least one epoxy group. 

7« A coating composition according to Claim 6, 
5 wherein the compound (B-l) is a compound represented by the 
following formula (4-1) :* 
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20 



25 



R 61 



<4-1 ) 



wherein R 61 is a hydrogen atom, a fluorine atom, a straight 
chain or branched chain alkyl group of from 1 to 6 carbon 
atoms, a straight chain or branched chain fluoroalkyl group 
of from 1 to 6 carbon atoms, or an allyl group. 
15 8. A coating composition according to Claim 6, 

wherein the compound (B-2) is chosen from the compounds 
represented by the following formulae (4-2) , (12) , (13) , 
(14) or (15) : 



i61 

fc/^r^-l 1,71 

(4-2 ) 



wherein R S1 is as defined above; R 71 is a bi- to tetravalent 
organic group; and q is from 2 to 4, 



s 61 R 61 

(12) 



o o 
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wherein the R C1 groups may be the same or different and are 
each as defined above. 



CH. 
I 

CH, CH. CHi O— (CHi)i — SI— O 

I 

CH, 



S i 



J4 



(13) 
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CH, 



CH, CHa CHs 



15 wherein s is from 25 to 200, 



(14) 



,61 



CH 2 0 



- Rl3 



(15) 



20 wherein R 13 is an epoxy group-containing group; and R* 1 is 

as defined above. 

9. A coating composition according to Claim 6, 

wherein the compound (B) comprises compound (B-l) and 

compound (B-2) . 
25 10 • A coating composition according to Claim 9, 

wherein the proportions of compound (B-l) and compound (B- 

2) are each from 5 to 60 parts by weight per 100 parts by 
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weight of the total of the compounds (A) and (B) . 

11. A coating composition according to any 
preceding claim, wherein the cationic initiator <C> 
comprises a compound having a hexaf luorophoephate anion 

S <PF«-) . 

12. A coating composition according to any 
preceding claim, wherein the lubricity- imparting agent (D) 
comprises at least one wax chosen from silicon waxes and 
fatty acid ester waxes which each comprise an ester between 

10 a polyol corapound(s) and a fatty acid(s) . 

13. A coating composition according to any 
preceding claim, which further comprises an epoxidized 
polybutadiene resin in an amount of from o.l to 50 parts by 
weight of the total of the compounds (A) and (B) . 

15 14 . A coating compound according to any preceding 

claim, which further comprises an organic resin fine 
particles in an amount of from 0.1 to 50 parte by weight 
per 100 parts by weight of the total of the compounds (A) 
and <B> . 

20 15. A process for producing a coated metal can, 

which comprises coating a metal plate, a resin film- 
laminated metal plate or a metal can obtainable by molding 
of said plate, with an ultraviolet-curing coating 
composition according to any of Claims 1 to 14, and 

25 irradiating the resulting plate or can with ultraviolet 
rays to cure the coated composition. 

16 . A coated article coated with a coating 
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composition according to any of claims 1 to 14 . 

17. An ultraviolet -curing coating composition 
according to any of claims 1 to 14, substantially as 
described in any of Examples 1 to 14 « 

18. A process according to Claim 15, substantially 
as described in any of Examples 1 to 14. 

19. A coated article according to Claim 16 , 
substantially as described in any of Examples 1 to 14 . 
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